1. The turnover of deoxycholic acid and chenodeoxycholic acid was studied in six normolipaemic patients after oral administration of trace amounts of isotopically labelled compounds.
the kinetics of the three major bile acids found in human bile. Most interest has been focused on determinations of the total bile acid formation, i.e. the turnover of cholic acid and chenodeoxycholic acid. However, recent observations concerning the mechanism regulating the bile acid formation in intact animals (Dowling, Mack & Small, 1970) underline the importance of knowing the size of the total bile acid pool and the number of enterohepatic circulations it undergoes. The aim of this investigation was to study the turnover of deoxycholic acid in normolipaemic subjects.
E X P E R I M E N T A L

Patients
The patients who volunteered for the investigation were 25-66-year-old men ( adenoma. He received thyroid hormone replacement therapy. Four patients had coronary heart disease and patient 3 had nephrolithiasis. Patients 4 and 5 were moderately overweight; when re-examined after 6-9 months, they had lost about 5 kg in weight. The patients were normolipaemic as judged by repeated measurements of serum cholesterol and triglyceride and by the pattern of distribution of the lipoproteins upon electrophoresis on agarose gel.
Experimental procedure
The patients were given a standardized diet of natural food for some days before and during the experimental period. The total energy intake was approximately 7.14 kJ (1.700 kcal)/day and 35% of the energy was supplied as fat. The daily intake of cholesterol was about 300 mg. The sodium salts of [14C]deoxycholic acid (4 pCi) and [3H]chenodeoxycholic acid (15 pCi) were dissolved in water and administered orally before breakfast. During a second study, 6-9 months later, patients 4-6 received a mixture of ['4C]cholic acid (4 pCi) and [3H]chenodeoxycholic acid (15 pCi). On four occasions at 2-3 day intervals a polyvinyl tube was placed in the duodenum and a sample of about 10 ml of concentrated bile was obtained after an intravenous injection of cholecystokinin. Serum samples were obtained twice a week and analysed for cholesterol, triglyceride and lipoprotein pattern. 
Materials
Methods
The bile samples were hydrolysed with KOH (1 mol/l) in closed steel tubes for 12 h at 110°C. After acidification to pH 1-2, the bile acids were extracted with diethyl ether. The ether extracts were washed with water until neutral and evaporated to dryness. The residue was subjected to reverse-phase partition chromatography. Hostalene (Farbwerke Hoechst G.m.b.H., West Germany) was used as the supporting material, methanol-water (165: 135, v/v) as the moving phase and chloroform-heptane (45:5, v/v) as the stationary phase (Norman & Sjovall, 1958) . Two titration peaks were obtained, corresponding to the trihydroxycholanic acids and the dihydroxycholanic acids. Cholic acid was recrystallized from ethyl acetate and assessed for I4C radioactivity. After evaporation to dryness one aliquot of the dihydroxycholanic acid fraction was dissolved in methanol-ether (1 : 9, v/v), methylated with diazomethane, treated with trifluoroacetic anhydride and analysed by gas-liquid chromatography (Sjovall, 1962) . Another aliquot was analysed for radioactivity and the specific radioactivities of the two acids were calculated, assuming that all the I4C and 3H in the dihydroxycholanic acid fraction was present as deoxycholic acid and chenodeoxycholic acid respectively (Danielsson et al., 1963) .
The half-life, pool size and turnover of the bile acids and the concentrations of serum lipids were determined as described in a previous paper (Einarsson & Hellstrom, 1972) .
RESULTS
The half-lives of deoxycholic acid and chenodeoxycholic acid ranged between 1.3 and 4.1 days (Table 2) . Relatively large individual variations were observed for the pool sizes, which averaged 663 (range 372-1108) mg for deoxycholic acid and 781 (363-1120) mg for chenodeoxycholic acid. The ratios of the pool sizes of the two acids did not correlate well with the ratios of the concentrations of the compounds in duodenal aspirates. This discrepancy was due mainly to the relatively large variation (up to 100%) in the values for the ratio of chenodeoxycholic acid to deoxycholic acid concentrations in the bile (Fig. 1) . The mean turnover of deoxycholic acid amounted to 171 (86-300) mg/day and was similar to that of 207 (142-374) mg/day recorded for chenodeoxycholic acid. When patient 4 was re-examined after 6 months the turnover of chenodeoxycholic acid was found to be almost unchanged. The values encountered for subjects 5 and 6, who had lost 5-6 kg body weight, had decreased by 25 and 35% respectively (Fig. 2) . The half-lives of chenodeoxycholic acid were similar in both studies (Table 3) , whereas the pool size of the acid had increased slightly in one subject and decreased in the other two subjects (Fig. 3) . In general, the values of the pool size and the turnover of cholic acid exceeded those obtained for chenodeoxycholic acid. The half-life of cholic acid averaged 1.6 (0.9-2.4) days (Table 3) .
The conversion of [14C]deoxycholic acid into trihydroxycholanic acid was studied by measuring the 14C radioactivity in the latter fraction after elution from the Hostalene column. Although the specific radioactivity of cholic acid tended to increase with time it was in general less than 1% of that of deoxycholic acid (Table 4) . In a similar way the trihydroxycholanic acid titration peak was analysed for 3H radioactivity in patients who received 3H-labelled chenodeoxycholic acid. Only trace amounts of 3H were present in the trihydroxycholanic acid fraction ( Table 5) . 
DISCUSSION
The patients studied in this investigation had a pool size and turnover of chenodeoxycholic acid which averaged 78 1 mg and 207 mglday respectively. These results are in good agreement with those of 810 mg and 162 mg/day reported by Vlahcevic, Miller, Fabrar & Swell (1971) for healthy subjects fed with a natural diet. Under similar experimental conditions, the average pool size of cholic acid has been reported to be about 1100 mg and the turnover about 300
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FIG. 3.
Comparison of the pool size values for deoxycholic acid (solid columns) and chenodeoxycholic acid (hatched columns) during the first study and the corresponding values for chenodeoxycholic acid (cross-hatched columns) and cholic acid (open columns) during the second investigation. mg/day (Lindstedt, 1957; Danielsson et al., 1963; Hellstrom & Lindstedt, 1966; Vlahcevic et al., 1971) . On the basis of these reports, the mean value recorded for the formation of deoxycholic acid in the present study (171 +92 mg/day) suggested that half of the cholic acid synthesized was degraded by other pathways. Therefore, in order to arrive at a more exact figure for this relationship, three of the subjects were re-examined after the administration of radioactive cholic acid and chenodeoxycholic acid. A comparison of the turnover results with those previously obtained indicated that 36,61 and 25% of the cholic acid was converted into deoxycholic acid in patients 4, 5 and 6. These values can, however, only be regarded as approximate as two of the patients showed changes in their synthesis rates of chenodeoxycholate during the 6 months interval and there is the possibility that similar changes in the kinetics of cholic acid might have occurred. Using a similar technique in their study of five healthy subjects, Hepner, Hofmann & Thomas (1972) found that the percentage of glycocholic acid converted into glycodeoxycholic acid was between 5 and 44%. After repeated administrations of radioactive glycine-conjugated bile acids Hepner et al. (1972) measured the turnover of all the three bile acids in the bile. Their values for pool size and turnover of glycodeoxycholic acid averaged 349 mg and 114 mg/day respectively, and were therefore lower than those (663 mg and 171 mg/day) obtained in the present study for the deconjugated acids. In addition, their values for pool size and turnover of glycochenodeoxycholic acid exceeded those encountered for glycodeoxycholic acid by more than 50%.
Several authors (Lindstedt, 1957; Hellstrom & Lindstedt, 1966; Vlahcevic et al., 1971 ; Hepner et al., 1972) have estimated the pool size of deoxycholic acid indirectly from the values of the cholic acid pool and the percentage composition of the bile acids in duodenal bile. To evaluate the correctness of such calculations Hepner et al. (1972) compared the ratios of the pool sizes of glycocholic acid, glycochenodeoxycholic acid and glycodeoxycholic acid with the ratios of the concentrations of cholic acid, chenodeoxycholic acid and deoxycholic acid in specimens of duodenal bile obtained after saponification and analysis by gas-liquid chromatography. The ratios of the concentration of the three bile acids in the bile were found to reflect closely the ratios of the pool sizes. The fact that such a good correlation was not obtained in the present study (Fig. 1) demonstrates, however, that the indirect method of measuring the pool size of deoxycholic acid gives only approximate and occasionally misleading results.
The liver of many species is capable of hydroxylating deoxycholic acid and chenodeoxycholic acid so that the more polar trihydroxy bile acids are formed. In the rat deoxycholic acid is quantitatively transformed into cholic acid and chenodeoxycholic acid is to a large extent hydroxylated in the 6P-position to yield wmuricholic acid (3a,6P,7a-trihydroxycholanic acid) (Danielsson & Einarsson, 1969) . The human liver, however, appears to be less efficient in performing such transformations. Hellstrom & Sjovall (1961) administered labelled chenodeoxycholic acid orally to a patient with a bile-duct drainage and reported that only 15% of the label was recovered in material more polar than the parent compound. In a similar study Hansson &Williams (1971) gave [14C]deoxycholic acid to two patients with a complete bileduct fistula and found that more than 94% of the radioactivity recovered was still attached to the bile acid they had administered. In a recent investigation (T. Bjorkhem, K. Einarsson & G. Hellers, unpublished work) the metabolism of taurodeoxycholic acid and of taurochenodeoxycholic acid was studied in human liver homogenates. Under these conditions only 1% of' taurodeoxycholic acid was hydroxylated to yield taurocholic acid and no significant hydroxylation of taurochenodeoxycholic acid occurred. The present results are in good agreement with these findings, since only trace amounts of radioactivity administered in the form of dihydroxy bile acids were recovered in the trihydroxycholanic acid fraction of the duodenal bile. Even allowing for the fact that a substantial part of the radioactivity was probably eliminated in the faeces the results indicate that the conversion of dihydroxy into absorbable trihydroxy bile acids is small in man. 
